Abstract. The aim of this study was to use proteomic and transcriptomic approaches to examine differences in protein and gene expression in maternal plasma between normal and preeclamptic pregnancies. Preeclampsia and control groups were compared with respect to the expression of CD34 and CD133 genes by quantitative polymerase chain reaction (qPCR) and heat shock protein (Hsp)27 and 70 by western blotting in blood samples from the pregnant women. Blood samples were obtained at gestational week 12-14 from 65 healthy pregnant women. Fetal DNA was isolated from the maternal blood and CD34 and CD133 were amplified by qPCR. Western blot analysis was used to examine the expression levels of Hsp27 and Hsp70 proteins. The analysis of CD133 by qPCR was unsuccessful in 7 women as the levels of fetal DNA were in the collected maternal blood samples were insufficient. Measurements of CD34 and CD133 were performed in 57 and 50 women, respectively. Preeclampsia developed in 6 (10.5%) of 57 women. qPCR results of 8 healthy pregnant women were used for the calibration of CD34 and CD133 levels, and the results for the remaining women were compared with the calibration values. CD34 expression was decreased in 30 (52.6%) and increased in 27 (47.4%) of 57 women. CD133 expression was decreased in 14 (28%) and increased in 36 (72%) of 50 women. CD34 expression was increased in 2 (33%) and 25 (49%) and decreased in 4 (66%) and 25 (51%) women with and without preeclampsia, respectively (P=0.467). CD133 expression was increased in 4 (66%) and 32 (72%); and decreased in 2 (33%) and 12 (28%) women with and without preeclampsia, respectively (P=0.756). Western blotting showed that the expression of Hsp27 and Hsp70 in the maternal serum of the preeclampsia group was significantly higher than that in the normal pregnancy group. CD34 and CD133 were found to be inadequate for use in the prediction of preeclampsia. However, it is noteworthy that CD133 levels were increased in 66 and 72% of women with and without preeclampsia, respectively. Hsps are expressed under various pathological conditions. These results suggest that conditions of oxidative stress increased the Hsp27 and Hsp70 protein levels.
Introduction
Preeclampsia is major cause of maternal morbidity and mortality that is characterized by the development of hypertension and proteinuria after 20 weeks of gestation (1) and complex disorders, including placental and maternal components (2) . Recent advances in genotyping technology are likely to facilitate genome-wide association studies of preeclampsia. Nucleated fetal erythrocytes, trophoblasts, leukocytes and even fetal progenitors can cross the placenta (3). Gussin et al (4) have shown that endothelial progenitor cells (EPCs) are present in peripheral blood in the second trimester. Moreover, Sugawara et al (5) demonstrated that the number of EPCs increases in the second and third trimesters. Buemi et al (6) observed that the number of isolated EPCs gradually increases every trimester.
Free fetal DNA particles in maternal blood are promising as an important means for the diagnosis of genetic abnormalities of the fetus without invasive procedures. Quantitative changes of cell-free fetal DNA in maternal blood as an indicator for impending preeclampsia have been reported in numerous studies. When the cell-free fetal DNA levels of 30 preeclamptic patients were compared with those of healthy pregnant women, an average 3.06-fold increase was observed (7) .
CD34 is a transmembrane protein that is expressed in 1-4% of human bone marrow cells. These cells include pluripotent hematopoietic stem cells and progenitors of each cell line (8) . In addition, CD34 is expressed in the vascular endothelium of various organs. Fetal CD34 + cells are detected in maternal blood during pregnancy (9) . Moreover, fetal CD34 + cells are known to persist in the maternal circulation even 27 years after delivery (10) . CD133, also known as prominin-1, is a protein expressed in hematopoietic stem and progenitor cells; however, its function is not fully understood (11, 12) .
In the last 20 years, antibodies against CD34 (13) and CD133 (11, 12) have been widely used as markers for hematopoietic and progenitor cells (14) , and it has been shown that CD34 + and CD133 + progenitor cells increase in normal pregnancy and decrease in preeclampsia.
Adhesion molecules, including the EPC marker CD34 + , have been found in allogenic and xenogenic aortic valve prostheses (15) . Therefore, in end-stage calcified aortic stenosis, the presence of EPCs appears to be a biological hallmark, among others such as inflammatory infiltration, heat shock protein (Hsp) homologues and neoangiogenesis (16) . Further advances are expected from proteomic research. Comparisons of protein patterns between healthy patients and those with disease have been increasingly conducted in recent years to discover markers of disease. Hsps are overexpressed in all organisms to protect them from environmental stresses such as heat, oxidative stress and ischemia (17) . Hsp27 and Hsp70 are well-known stress response proteins. Studies have shown that Hsp70 levels in pregnant women are significantly higher than those in healthy pregnant women (18, 19) . It is also known that placental levels of Hsp27 in normal patients are lower than those in patients with preeclampsia (20) .
In the light of this information, the aim of the present study was to evaluate cell free fetal DNA encoding CD34 and CD133 in the maternal blood from randomly selected healthy pregnant women in gestational week (GW) 12-14. During the follow-up, the free fetal DNA levels of women who did and did not develop preeclampsia were compared in order to investigate the possible predictive role of CD34 and CD133 in preeclampsia. Hsp27 and Hsp70 heat shock protein levels were also compared between the two groups of patients.
Materials and methods
Study design and sample collection. This prospective study was conducted in 80 consecutive healthy pregnant women who were admitted to the Obstetrics and Gynecology Clinic, Cerrahpasa Medical Faculty, Istanbul University (Istanbul, Turkey). This study was approved by the Cerrahpasa Medical Faculty Ethics Committee. Informed consent was taken from every woman enrolled in the study. Multiple pregnancies and any systemic diseases complicating pregnancy were excluded. In order to increase the possibility of acquiring more preeclamptic women, and also to prevent possible bias, only first pregnancies were included.
During follow-up 8 women developed gestational diabetes; 3 women developed pregnancy-induced hypertension; 2 women developed pregnancy-induced cholestasis; 1 woman had a termination of pregnancy at GW 19 and 1 woman withdrew from follow-up. The studied was completed with 65 women. Six of the 65 women (9.2%) developed preeclampsia.
Blood samples were taken from the pregnant women in GW 12-14. Prior to any procedure, 5 ml maternal venous blood was sampled and collected in an ethylenediaminetetraacetic tube. Immediately after sampling, the plasma fraction was obtained by centrifugation of the blood sample at 10,000 x g,4˚C for 10 min and 500 µl from the supernatant layer was used. The diagnosis of preeclampsia was made by measurement of ≥140 mmHg systolic blood pressure and ≥90 mmHg diastolic pressure at least twice, with a ≥6 h interval between measurements; and ≥300 mg/24 h proteinuria or 1 + proteinuria in the dipstick test after GW 20 in a woman who did not previously have hypertension or a renal disorder.
Plasma fractions were processed in the Molecular Diagnosis Laboratory, Department of Molecular Biology and Genetics, Cerrahpasa Medical Faculty, Istanbul University.
Maternal plasma fetal DNA processing and quantitation.
A 150-µl sample of plasma was used for each isolate. An innuPREP virus DNA/RNA kit (Analytik Jena/Biometra, Germany) was used for the isolation of fetal DNA from the maternal blood according to the instructions of the manufacturer.
Gene sequences encoding CD34 + and CD133 + surface antigens were used in order to quantitatively measure the fetal DNA in the maternal blood; and a gene sequence encoding glyceraldehyde phosphate dehydrogenase (GAPDH), which is located in the autosomal region, was used as an indicator of total DNA in the maternal blood since its expression is constant at all times.
The primer sequences used for quantitative polymerase chain reaction (qPCR) are shown in Table I . Platinum SYBR Green qPCR SuperMix-UDG (Invitrogen Life Technologies, Carlsbad, CA, USA) was used for the amplification and detection of DNA and a final primer concentration of 250 nM was used as template for the isolation of CD34 and CD133. Reactions were performed in a total volume of 25 µl.
The qPCR consisted of 1 cycle of denaturation for 10 min at 95˚C total followed by 50 cycles comprising denaturation for 30 sec at 95˚C, binding for 1 min in 56˚C and elongation for 1 min at 72˚C. The qPCR was performed using a Stratagene Mx3005P qPCR system (Agilent Technologies, Santa Clara, CA, USA). qPCR results of 8 healthy pregnant women were used for the calibration of CD34 and CD133 levels, and the results for the remaining women were compared with the calibration values. Patients with results above and below the calibration values for CD34 and CD133 genes were identified for the preeclamptic and control groups. As the qPCR efficiency was assumed to be 100%, a value of 2 was used during calculation, instead of the 1.93 coefficient that is indicated in the original formula. qPCR efficiencies were calculated using slopes obtained from LightCycler software (Roche Diagnostics, Basel, Switzerland). The corresponding qPCR efficiency (E) of one cycle in the exponential phase was calculated according to the equation: E = 10 -1 /slope.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analyses.
Anti-Hsp27 mono- The protein concentration of each sample was determined using the BCA kit. Bovine serum albumin was used as a standard. For SDS-PAGE and western blot analysis, samples were denatured in sample buffer containing 25 mM Tris-HCl (pH 6.8), 2% SDS, 10% glycerol, 10% 2-mercaptoethanol and 0.002% bromphenol blue and heating to boiling temperature for 3 min. Equal amounts of proteins (100 µg/well) were analyzed by 10% SDS-PAGE. After electrophoresis, proteins were transferred onto polyvinylidene difluoride membranes using Bio-Rad Semi-Dry transfer apparatus (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Membranes were blocked with 5% non-fat dry milk (in Tris-buffered saline and Tween 20) at room temperature for 1 h, and then incubated with the primary antibodies anti-Hsp70 (dilution, 1:1,000) and anti-Hsp27 (dilution, 1:500) for 1 h at room temperature. The membrane was then incubated with HRP-conjugated goat anti-mouse secondary antibodies at a dilution of 1:5,000 for 1 h at room temperature. Protein bands were detected by incubating the membranes with ECL plus. Protein levels were quantitatively evaluated with ChemiDoc MP and ImageLab 4.0.1 software (Bio-Rad).
Statistical analysis. Data are presented as means, standard deviations and rates. Statistical analysis was performed using the t-test and χ 2 test. Correlation analyses were performed with the Spearman correlation test. P<0.05 was considered statistically significant. All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS ® ) software version 16.0 (SPSS, Inc., Chicago, IL, USA)
Results

Patient characteristics.
At the initiation of the study, 80 women were enrolled. Following a termination of pregnancy for one woman and the withdrawal of one patient from follow-up, 78 women remained. The incidence of preeclampsia in these women was 7% (6/78).
As mentioned in Materials and methods, 13 more women were excluded because of pregnancy complications. A total of 65 pregnant women completed the study and fulfilled the inclusion criteria. Samples from 8 women were used for the calibration of CD34 and CD133 levels and, therefore, excluded from the statistical calculations. During CD133 evaluation, the qPCR process was unsuccessful in 7 cases. Statistical evaluations of CD34 and CD133 were performed for 57 and 50 women, respectively.
The mean age of the 57 women for whom qPCR measurements were analyzed was 29.4±4.8 years. Among these 57 women, 6 (10.5%) developed preeclampsia. There was no significant difference in the mean age of the preeclamptic and non-preeclamptic women (29.6±4.6 vs. 28.1±6.1 years, respectively; P=0.485) CD34 and CD133 expression. Expression levels of CD34 and CD133 in the two groups were compared with the calibration results from 8 healthy pregnant women. Among 57 women, CD34 expression was decreased in 30 (52.6%) and increased in 27 (47.4%) cases. Among 50 women, CD133 expression was decreased in 14 (28%) and increased in 36 (72%) cases.
CD34 expression was compared between the preeclamptic (n=6) and non-preeclamptic (n=51) groups. In the preeclamptic group, CD34 expression was increased in 2 (33.3%) and decreased in 4 (66.6%) women. In the non-preeclamptic group, CD34 expression was increased in 25 (49%) and decreased in 26 (51%) women (P=0.467; Table II). CD133 expression was compared between the preeclamptic (n=6) and non-preeclamptic (n=44) groups. In the preeclamptic group, CD133 expression was increased in 4 (66.6%) and decreased in 2 (33.3%) women. In the non-preeclamptic group, CD133 expression was increased in 32 (72%) and decreased in 12 (28%) women (P=0.756; Table III ). Spearman's correlation analysis showed that there was no correlation between CD34 and CD133 (P=0.122; r=0.219).
Hsp27 and Hsp70 expression. Western blot analysis showed that the expression levels of Hsp27 and Hsp70 were markedly increased in preeclamptic women compared with healthy pregnant women. A representative western blot result is shown in Fig. 1 . The level of Hsp70 in preeclamptic women was significantly increased compared with that in healthy pregnant women (by 150%, P<0.05; Fig. 2 ). The Hsp27 level was increased by 11% of the control level in preeclamptic women (Fig. 3) .
Discussion
In recent studies concerning the pathophysiology of preeclampsia, the idea that an altered balance of angiogenic [vascular endothelial growth factor (VEGF) and placental growth factor (PlGF)] and antiangiogenic [soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble endoglin (sEng)] factors may play role in the pathogenesis of preeclampsia gained importance. According to this theory, the antiangiogenic factor sFlt-1 is released from the hypoxic placenta. VEGF interacts with its receptor on cell membranes where it exerts its effects via Flt-1; VEGF is a strong angiogenic factor and causes vasodilatation. sFlt-1 is the soluble and, therefore, detectable form of Flt-1, and is found in maternal serum. sFlt-1 is an antiangiogenic factor that shows antagonistic effects against VEGF and PlGF by binding to them in the serum (21) .
Eng is the co-receptor of transforming growth factor (TGF)-β1 and TGF-β3, and is widely expressed in vascular endothelium and syncytiotrophoblasts. The TGF-β1 signaling pathway contains CD34 and CD133. The soluble form of Eng, sEng, is an antiangiogenic factor and inhibits the TGF-β1 pathway (21, 22) .
The present study focused on two different genes that have the potential to be markers for preeclampsia. CD34-expressing cells are precursors of hematopoietic and endothelial cell lines and are known to be regulators of angiogenesis (23, 24) . The other marker, CD133, was first defined in the neuroepithelial stem cells of mice (25) ; its function is not well established, although it is considered to play a role in angiogenesis. In the human body, CD133 is known to be an antigenic marker expressed in hematopoietic stem and progenitor cells (11, 12) .
In preeclamptic women, free fetal DNA levels increase 3-fold compared with those in healthy pregnant women (7, 12, (26) (27) (28) . Zhong et al (29) suggested that DNA levels were higher in early-onset (<34 GW) preeclampsia compared with late onset (>34 GW) preeclampsia and healthy pregnant women; this finding was attributed to placental damage. Sifakis et al (30) evaluated the serum samples of pregnant women at GWs 11-13 and showed that the levels of fetal DNA fragments were significantly higher in early onset compared with late onset preeclampsia. In the present study, the aim was to go a step further by evaluating the potential predictive value of CD34 and CD133. Therefore, only healthy pregnant women at GW 12-14 were enrolled.
The amount of free fetal DNA in the maternal serum of healthy pregnant women has been shown to increase with increasing gestational age (31) . Moreover, the ratio of fetal DNA to total free DNA has been shown to increase every trimester, although total free DNA remains unaffected by gestational age (32). For each lane, 100 µg serum protein was loaded and subjected to SDS-PAGE followed by western blot analysis as described in Materials and methods. Hsp, heat shock protein; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
In the present study, in the non-preeclamptic group, also denoted as the healthy group, CD34 was decreased in 26 (51%) and increased in 25 (49%) of 51 women; CD133 was decreased in 12 (28%) and increased in 32 (72%) of 44 women. In the preeclamptic group, CD34 expression was increased in 2 (33.3%) and decreased in 4 (66.6%); whereas CD133 expression was increased in 4 (66.6%) and decreased in 2 (33.3%). There was no significant difference between preeclamptic and non-preeclamptic women, neither in CD34 nor in CD133 expression. Spearman's correlation analysis showed that there was no correlation between CD34 and CD133.
Luppi et al (14) detected that circulating CD34 + and CD133 + progenitor cells were increased in normal pregnancy and decreased in preeclamptic women. By contrast, Matsubara et al (33) showed that the number of CD34 + , CD133 + and VEGF2
+ cells in the maternal circulation increased with increasing gestational age, and that there was no significant difference in the number of these cells between preeclamptic and non-preeclamptic women. Buemi et al (6) suggested that the number of CD133 + and VEGF2 + endothelial progenitor cells in the maternal circulation increased with increasing gestational age, and that women with gestational hypertension had higher levels of the latter cells when compared with healthy pregnant women.
CD34 and CD133 are expressed by a small fraction of fetal cells in the fetal circulation. However in the present study, in maternal circulation CD34 was amplified in 65 women and CD133 was amplified in 57 women by qPCR. Gene expression was evaluated by comparison with a calibration value obtained from the analysis of a set of samples from 8 healthy pregnant women selected from the study group. CD34 expression was decreased in 30 (52.6%) and increased in 27 (47.4%) of the 57 pregnant women, and CD133 expression was decreased in 14 (28%) and increased in 36 (72%) of 50 pregnant women.
Studies have demonstrated the presence of EPCs including CD34 and CD133 in different types of atherosclerosis (34, 35) and in allogeneic and xenogeneic aortic valve prostheses. Endothelial cell dysfunction has been suggested to be a part of a wider maternal inflammatory reaction that is responsible for the clinical syndrome of preeclampsia (36) . The preeclamptic pregnancy is the most studied among pregnancy-specific complications due to its strong association stress which can result into endothelial dysfunction. Hsp70 and Hsp27 are well-known stress response proteins expressed under various pathological conditions, including trauma, and focal or global ischemia (37) . The present study demonstrated that Hsp70 and Hsp27 proteins were increased in preeclamptic women. Based on these findings, the increase in EPCs correlates with the increase of Hsps, but CD34 and CD133 changes depending on preeclampsia groups. With the statistical analysis of qPCR results for CD34 and CD133, the increase in EPCs correlates with the increase of Hsps, but CD34 and CD133 changed in the preeclampsia groups.
In conclusion, the changes in CD34 and CD133 DNA in preeclamptic compared with non-preeclamptic women remain unclear. The results of this study revealed that the levels of CD34 did not change in preeclampsia; however, it is striking that the level of CD133 expression was increased in 72% of all pregnant women.
